Surgical smoke may harbor particulates of blood fragments, viable cellular material, bacteria and viruses, as well as toxic gas vapors, all of which can negatively affect surgical staff \[[@CR1]\]. Consequently, it was feared that surgical smoke may contain viable SARS-CoV-2 \[[@CR2]--[@CR4]\] and all too quickly, major surgical learned societies published guidelines, statements and recommendations, not only to stop elective surgery but favoring laparotomy over laparoscopy \[[@CR5]--[@CR7]\]. In turn, societies \[[@CR8]\] and surgeons \[[@CR9], [@CR10]\] dedicated to Minimally Invasive Surgery challenged these statements, underscoring that these risks were largely over-estimated and unjustified because of the low quality of evidence \[[@CR9], [@CR10]\].

Even if other societies \[[@CR11]\] progressively nuanced their initial recommendations and statements, they no longer take any clear stand for or against, only to generate more confusion among surgeons on whether laparotomy or laparoscopy was more appropriate during the pandemic.

In this narrative review, we aimed to critically appraise the literature with regard to the quandary of surgical smoke safety, to determine whether there are any differences in the creation of surgical smoke and aerosol between laparoscopy and laparotomy, whether they contain and/or diffuse viruses such as the SARS CoV-2 and why perfect containment and proper evacuation systems should make laparoscopy safer than laparotomy.

Materials and methods {#Sec2}
=====================

Although this was a narrative review, we searched Medline/PubMed, Embase and Google Scholar according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines \[[@CR12]\], with the following search word chains: (\"covid19\" OR \"coronavirus\" OR \"sars cov 2\") AND (\"surgery\" OR \"laparoscopy\" OR \"laparotomy\") AND (\"recommendations\" OR \"indications\" OR \"guidelines\" OR \"statements\") AND (\"2019/12/01\"\[Date---Publication\]: \"3000\"\[Date---Publication\]), ("COVID19 surgery laparoscopy laparotomy"), and (\'covid19′ OR \'coronavirus\'/exp OR \'coronavirus\' OR \'sars cov 2′) AND (\'surgery\'/exp OR \'surgery\' OR \'laparoscopy\'/exp OR \'laparoscopy\' OR \'laparotomy\'/exp OR \'laparotomy\') AND (\'recommendations\'/exp OR \'recommendations\' OR \'indications\' OR \'guidelines\'/exp OR \'guidelines\' OR \'statements\') AND \[1-12-2019\]/sd NOT \[2-5-2020\]/sd AND \[2020--2020\]/py).

In addition, we searched the major journals with specific COVID-19 sections (NEJM, BJS, BMJ, Annals of Surgery, The Lancet, JAMA Surgery, JACS) (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1PRISMA 2009 flow diagram

Eligibility criteria {#Sec3}
--------------------

Studies that compared indications and contra-indications to laparoscopy with regard to laparotomy or studied surgical smoke/aerosol as to the creation and/or diffusion of viral particles, or dealt with protective measures with the context of COVID-19 (patients, pandemic) or other infectious diseases were deemed eligible for inclusion.

Study selection and data extraction {#Sec4}
-----------------------------------

Three authors (RB, AA, AF) performed the search independently. A fourth author (YM) arbitrated any disagreements on inclusion or exclusion of studies. The reference lists of the included studies were searched manually. Special attention was paid to indications for the use of laparoscopy during the COVID-19 pandemic, with respect to both patient and surgical team safety. Specific questions we aimed to answer were as follows:Is there any difference in the surgical smoke created between laparoscopy and laparotomy?Do surgical smoke and/or aerosols contain and diffuse viruses such as the CoV-2?Will perfect containment and proper evacuation systems make laparoscopy safer than laparotomy?

Results {#Sec5}
=======

A total of 1098 articles were identified through search engines, or after manual search in journals with specific COVID-19 sections. We excluded 1048 articles leaving 50 relevant for our aim (Fig. [1](#Fig1){ref-type="fig"}). Of these, 26 consisted of recommendations, 19 were retro or prospective studies, three were guidelines and one cohort and one randomized study. Out of these 50 articles, six favored avoiding laparoscopy, 13 were in favor of laparoscopy over laparotomy if surgical expertise and adequate equipment were available, while 31 were neutral for the use laparoscopy.

Is there any difference in the surgical smoke created between laparoscopy and laparotomy? {#Sec6}
-----------------------------------------------------------------------------------------

In agreement with Liu et al. \[[@CR13]\], we use the term surgical smoke, although not formally correct in all cases, that encompasses the terms, used interchangeably, for the gaseous byproducts produced by energy-based surgical instruments such as "plume," "aerosols," "cautery smoke," "diathermy plume" and "smoke plume."

Surgical smoke is the result of tissue vaporization released when energy-generating devices raise the intracellular temperature to at least 100 ºC (212 ºF). Surgical smoke is an iatrogenic aerosol (short for aero-solution), composed of 95% water and 5% of a suspension of fine solid particles or liquid droplets in air or other gas, and can include cellular material, blood fragments, bacteria, and viruses \[[@CR14], [@CR15]\].

The size of particles differs according to the energy source: electrosurgery (ES) (monopolar and bipolar energy devices) dissection releases 0.07 µm size particles \[[@CR16]\], while laser tissue coagulation produces larger particles \[[@CR17]\]. Ultrasonic (US) energy devices release the largest (0.35--6.5 µm), but also cooler particles (due to the vibration mechanism involved rather than heat only in the tissue desiccation process of ES energy) \[[@CR4], [@CR14]\]. Substantial differences were also found regarding smoke particulate size depending on the type of tissue dissected. Particulate diameter ranges from 7 nm to 10 µm with the highest originating from the liver and the lowest from skin, brain matter and subcutaneous fat. The number of particles produced are highest in operations such as abdominoplasty (3900 particles/cm^3^), thereby resulting in higher exposure of surgical team \[[@CR18]--[@CR20]\].

Once formed, the smoke diffuses according to pressure gradients, gravity, and eventually suction or other air movements. This differs obviously when patients undergoing laparotomy (the abdomen is in direct communication with the ambient air) or laparoscopy (the abdominal cavity is closed).

The analysis of the literature by the Association of periOperative Registered Nurses (AORN) demonstrated that during open surgery the smoke spreads evenly throughout the operating room exposing all surgical staff to the same particle concentrations \[[@CR15]\], based on the speed and dispersion of particles generated by laser scalpel \[[@CR21]\]. Field drift experiments suggest that aerosol-born particles can travel up to 20 m \[[@CR22]\]. Of note, the OR environment is substantially different compared to these experimental conditions.

The issue of creation and disposal of surgical smoke arose quickly after the introduction of laparoscopy \[[@CR23], [@CR24]\]. As smoke in laparoscopy can hamper visualization, in the past, surgeons used to release pneumoperitoneum through port valves to clear the field of vision. Although many reports then flourished on the dangers of such maneuvers, many surgeons ignored the risks. A recent report study measured the cumulation and concentration of particles in surgical smoke in 30 patients undergoing laparoscopy or laparotomy at different timings and different areas during the although in laparoscopic operation. While the authors did not find any statistically significant differences in either 0.3 or 0.5 μm particles when compared to open surgery, the cumulative count was higher in laparoscopy than laparotomy after 10 min of the treatment. This study suggests that proper surgical smoke evacuation equipment and regulations are necessary \[[@CR25]\]. One randomized controlled trial, comparing the visibility during laparoscopic hysterectomy in patients using either an US energy-based surgical device or monopolar energy, found the degree of surgical smoke or vapor created by US was nearly one fourth of that created by monopolar energy; the difference was highly statistically significant (*p* \< 0.001) \[[@CR26]\]. Today there are several systems available to capture and/or filter and/or eliminate the CO~2~ desufflation \[[@CR10], [@CR27]\].

In sum, there is no difference in the creation of surgical smoke between laparoscopy and laparotomy. The only differences concern the aerosol composition, related to the source of energy, or target organ, and aerosol diffusion, which will be dealt with later.

Does surgical smoke and/or aerosols contain and diffuse viruses such as the SARS-CoV-2? {#Sec7}
---------------------------------------------------------------------------------------

Until the current crisis, the phenomenon of transmission of bacteria and viral particles in infected patients were disregarded and/or neglected by surgeons due to the relative rarity of these patients and low infectivity rate of surgical staff dealing with these patients. While we still lack evidence whether SARS-CoV-2 can be found in smoke/aerosol generated within the peritoneal cavity, the theoretical risks may be extrapolated from previous pandemics and viral infections \[[@CR28]\]. In the current COVID crisis, the main question is whether surgical smoke or aerosols created by energy-driven devices can contain SARS-CoV-2, whether they are stable, viable and transmissible and lastly, whether they are virulent which is related to the viral replication and dissemination within hosts (within-host fitness).

Publications before the current COVID-19 pandemic have indicated that surgical smoke may contain viruses such as Corynebacterium \[[@CR29]\], Hepatitis B \[[@CR30]\], Human papilloma virus (HPV) \[[@CR31], [@CR32]\] and Human immunodeficiency virus (HIV) \[[@CR29], [@CR33], [@CR34]\]. Virus-laden small (\< 5 μm) aerosolized droplets can remain in the air and travel long distances, \> 1 m \[[@CR35]\]. Of note, most of these reports concerned open laser-generated plumes, open electrocautery (coagulation or cutting mode), high-speed bone cutting router, an oscillating bone saw, and a wound irrigation syringe jet \[[@CR29], [@CR34]\].

Johnson et al. concluded that HIV may be able to remain viable in cool aerosols generated by certain surgical power tools \[[@CR33]\]. They suggested that this raises the possibility of HIV transmission to medical personnel exposed to patient procedures in which such equipment is used. They recognized, however, that these laboratory experiments do not establish a risk of HIV transmission to personnel by aerosols generated under clinical conditions such as in the operating room.

At least six cases of would-be HPV transmission have been documented, three in gynecologists that treated HPV-positive patients with laser ablation, one in a nurse that assisted such operations \[[@CR13]\], and two ENT surgeons, also after laser ablation \[[@CR31]\]. No cases of HIV or HBV transmission have been documented \[[@CR36]\]. Of note, most of these reports were case reports or case series, and no causality between the presence of virus or particles and the reported consequences could be established.

Viral-laden aerosol generated by ultrasonic plumes has never been reported in clinical practice \[[@CR14]\].

Van Doremalen et al. \[[@CR37]\] reported experimental results of stability of SARS-CoV-2 in aerosols, concluding that aerosol and fomite transmission of SARS-CoV-2 was "plausible." Nevertheless, it is not clear if stability can be correlated to viability and whether these two characteristics are sustainable after aerosol transmission. While the authors stated that the virus remained "viable" and "infectious" in aerosols for hours and on surfaces up to days (depending on the inoculum shed), the aerosols were contained within a Goldberg drum at 65% relative humidity, and not dispersed in free air. The current standard on operating room relative humidity levels is set to be between 20 and 60% by the American Society of Heating, Refrigeration, and Air Conditioning. Moreover, the ideal temperature in OR is in the United States, is an air temperature of 70 to 75 °F (21 to 24 °C.) The temperature was not mentioned in the experimental drum. Last, no cultures were mentioned to affirm the viability or infectious character of the aerosol.

HBV was detected by nested PCR determinations in surgical smoke in 10 of the 11 laparoscopic procedures (laparoscopic colorectal resections in 5 cases, laparoscopic gastrectomies in three cases and laparoscopic hepatic wedge resections in another three cases); all patients were proven HBV-positive \[[@CR26]\]. However, the nested PCR method used is well-known for its high false-positive rates, and nothing was mentioned about their viability or replication potential nor their infectibility.

In answer to our question, to the best of our knowledge, SARS-CoV-2 has never been found in surgical smoke.

Moreover, even if SARS-CoV-2 can be found in blood, lungs or peritoneal fluid of patients who are COVID-positive, there is no compelling data to support that disease can be transmitted through surgical plume or aerosolized gas \[[@CR38]\] or even that if they were, that the virus can replicate, and once again, there is no evidence that the surgical plume or aerosol be different between laparotomy and laparoscopy.

Will perfect containment and proper evacuation systems make laparoscopy safer than laparotomy? {#Sec8}
----------------------------------------------------------------------------------------------

We have seen that there are very little differences related to surgical smoke generated in laparoscopic surgery compared to open surgery: only the space of smoke aerosol dispersion differs. Aerosols created in laparotomy are directly in communication with the ambient air in the OR. Conversely, in a laparoscopic operation the closed abdominal cavity space is separated from the open operating room space by the abdominal wall. While these two spaces are independent in terms of pressure, temperature, humidity as well as the composition of intraabdominal gas *vs.* the OR air, but according to our review, the effect of these parameters with regard to SARS-CoV-2 has not yet been explored.

In laparoscopic surgery, continuity between the two above-mentioned distinct spaces occurs under several circumstances. Opening the trocar cannulas for smoke evacuation to improve visibility should always be avoided as the smoke is spread into the OR under high pressure, with no control. The potential dangers arise in cases of inadvertent release of the peritoneum, but also, during the exchange of instruments, and last, the planned release of the peritoneum whether for specimen retrieval or wound closure. If ever the aerosol via pneumoperitoneum escapes during laparoscopy or laparotomy, the operating room should be considered one of the safest places in the hospital to avoid COVID-19 exposure, given the dilution into the operating room air, the air filtration/circulation in most standard ORs, the sterile field, and the fact that surgeons and anesthesiologists are well protected by protective personal equipment (PPE), more or less at distance from the source \[[@CR39], [@CR40]\].

Protective measures have been widely reported. Protective personal equipment, even the most recent, for protection from bodily fluids is insufficient against fumes. For open surgery, smoke evacuator/suction device should be placed at a maximum distance of 5 cm away from the smoke origin, otherwise 50% of the smoke will still be present in the operating room \[[@CR27]\]. When this form of particle spread occurs, all OR surfaces including personnel garments are contaminated, and potential transmission of viable particles is thereby increased \[[@CR40]\]. To reduce this smoke hazard risk, downward were found to be better than upward types \[[@CR40]\].

Suggestions for smoke control under laparoscopy were outlined by Zheng et al. following the Chinese and Italian experience with the coronavirus outbreak \[[@CR9]\]; as well, filter and closed evacuation systems, advocated by Kwak et al*.* \[[@CR30]\], were elaborated by the Technology Committee of the European Association for Endoscopic Surgery \[[@CR10]\]. To attenuate particle load in laparoscopic surgery, continuous flow of fresh CO~2~ during activation of electrosurgical devices, rather than active release of smoke only when view is compromised, has been advocated \[[@CR29]\].

To answer the last question, we suggest that laparoscopy might be safer than laparotomy, in particular when lengthy or repeated energy-driven dissection, or bowel resection/transection because laparoscopy is performed in a closed cavity separated from the open operating room space by the abdominal wall, and surgical plumes will be contained inside the abdominal cavity until properly evacuated, not possible in open surgery.

Discussion {#Sec9}
==========

During the COVID-19 pandemic, the fear of transmission of infection by COVID-19-positive patients during laparoscopy has led to contradicting and/or vague statements and recommendations published by several learned societies regarding laparoscopy. These statements and recommendations have caused much confusion, compounded by the constant revisions and updates, becoming more and more cautious.

Surgical smoke exists both in open surgery and in laparoscopy; however, while smoke cannot be controlled appropriately during open surgery, the closed cavity in laparoscopy enables smoke control when the necessary precautions are taken. Evacuation of smoke only through filters, complete evacuation of pneumoperitoneum prior to specimen extraction or conversion to open surgery, clamping both sides of intestine before transection to avoid exposure of stools as well as smart use of energy instruments are key factors of safe smoke hazard control. Moreover, in laparoscopy unintentional spurting of potentially contaminated blood in the surgeons' face never occurs.

After critical analysis of the literature regarding surgical smoke, we consider that there is no high-level evidence to routinely contra-indicate laparoscopic surgery just because of the risk of aerosol contamination. In particular, there is no evidence that surgical smoke produced by monopolar scalpel, bipolar and monopolar coagulation forceps, lasers, ultrasound dissectors, cavitronic ultrasound surgical aspirator and radiofrequency devices contain or vehicles the SARS-CoV-2. The mechanism by which such viruses can be part of the aerosol remains somewhat mysterious especially since the release from desiccated tissue involves high temperatures that may influence its virulence \[[@CR25]\].

The current quandary on the risk of transmission of virions via the aerosol is akin to the flood of publications on the risk of port-site metastatic deposits that plagued the early days of laparoscopic treatment of cancer \[[@CR41], [@CR42]\]. Once it was recognized that the prevalence was not that much different from metastatic involvement of laparotomy scars, that precautions were necessary to avoid the "chimney effect" \[[@CR43]\] by sudden release of pneumoperitoneum, that adequate and proper carcinological precautions were necessary as in open surgery, the possibility of port-site metastasis was no longer considered a contra-indication to laparoscopic surgery.

Limitations {#Sec10}
===========

There were no randomized and only one comparative trial comparing surgical smoke created in laparoscopy and laparotomy; therefore, the level of evidence is low and does not apply evidence-to-decision. Moreover, several of the guidelines, statements and recommendations that appeared were geared on orthopedics and urology or gynecology, and not general surgery.

There is a wide variability of terms employed in the literature (smoke, vapor, aerosol, plume) \[[@CR13], [@CR15]\]; this may have added to the confusion. Moreover, the search strings for PubMed and Embase are probably not broad enough to address the study aims, as they combine key words with the terms 'statements', 'recommendations' .... using the Boolean operator *AND*.

Conclusion {#Sec11}
==========

In agreement with SAGES, EAES and the Australian College of Surgeons, we endorse laparoscopy for all surgical procedures performed during the COVID-19 crisis as long as patient condition allows \[[@CR44], [@CR45]\]. Because laparoscopy unfolds in a closed peritoneal cavity that can be adequately contained during surgery, and if all intra-peritoneal airborne particles can be safely eliminated through closed and filtered evacuation systems, the patient will benefit from the well-recognized advantages of laparoscopy and protection of the OR staff may actually be better. In an effort to ensure that the pneumoperitoneum is contained during the operation and released in a closed, filtered circuit, and thus ensure the safety of the operating room team, the authors have indicated all the "tricks and tips" they use in Table [1](#Tab1){ref-type="table"}.Table 1Authors tricks and tips to ensure aerosol safety during laparoscopic surgeryHand-assisted laparoscopic surgery should be discouragedAs SARS-CoV-2 was found in stools of about 50% of COVID-19 + patientsa \[[@CR47], [@CR48]\], if the digestive tract is open (perforation or spillage), abundant lavage with proper closed evacuation of lavage fluid should be performed. If gastrointestinal resection is planned, the up and downstream segments should be adequately sealed off (stapler better than clamp?) and division of the gastrointestinal tract with energy-driven devices should be avoided (not to create potentially virus-laden smoke)Port site and trocars Trocar stopcocks should not be opened during surgery and can be sealed by a protective cap One or two dedicated trocar(s) should be connected continuously to a filter by the Luer lock mechanism and open to evacuate the smoke which will be filtered before exiting into the OR space or ideally, another evacuation system Instrument shafts should be inserted and withdrawn, swiftly, with precise and regular movements, parallel to the trocar shaft As little torque as possible should be exercised on trocars (this means that insertion sites should be well planned to provide the optimal elevation angle for the organ under dissection) \[[@CR49]\] To ensure complete evacuation of pneumoperitoneum, several different ports can be utilized for desufflation, and whenever possible through the most anti-gravity port ^25^Port-site closure should be commenced only after complete desufflation Check air-tightness of trocars before each operation. Disposable trocars should be preferred over reusables Evacuation energy created smoke should be evacuated through filters continuously and not only when smoke compromises visualization Complete evacuation of the pneumoperitoneum should be obtained through filters before laparotomy for specimen extraction or conversion If the Airseal port® is used, it should be connected to another smoke evacuator with an ULPA filter or used in Smoke Evacuation Mode where the tube set is connected to two standard trocars in a "closed loop" configuration, one for insufflation and one for active smoke evacuation through a 0.01 micron ULPA filterPneumoperitoneal pressure should be as low as possible without compromising surgical view and safe maneuvers (10 mm Hg); the Trendelenburg position should be avoided (or at least not more than 10--15°) \[[@CR50]\]Energy-driven devices Bipolar energy should be preferred Use the lower possible power needed  Keep pulses short and avoid long use of energy on the same tissue areaIf a drain is indicated, it should be tubular, inserted through an airtight skin incision, and clamped closed until the abdomen is complete desufflated as aboveAll instruments should be cleaned by the scrub nurse after each use and exchangeAll OR personnel should wear a highly efficient tight seal-fit mask when in the OR

However, although we were unable to find evidence of any particular risk in laparoscopic surgery, this does not mean that the risk does not exist: similar to statistics, "absence of evidence is not evidence of absence" \[[@CR46]\] and caution is warranted ("precautionary principle") as long as uncertainty of surgical smoke or aerosol virulence of SARS Cov-2 exists.

Last, we want to highlight that this report focuses on the possibility of virus transmission related to different surgical approaches. It does not pretend to be a justification of one approach over another, but simply aims to show that laparoscopy does not, in itself and with the above-mentioned precautions, increase the risk of airborne transmission.

There is an urgent need to promote evidence-based research in this field leading to evidence-based recommendations in the near future.
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